


Pub 1 Sample A

Compound
Sample resp. Conc. Conc.
(arb. units) (ppb.) (ng./m?)
F nd - -
Phen nd - -
Anth 35247 23.16 25.39
Fl nd - -
Py 3002 16.63 18.23
B(a)Anth 35201 16.70 18.31
Chrys nd - -
B(b)F! 1068 3.08 3.38
B(k)FI 54923 15.99 17.54
B(a)Py 6020 6.96 7.63
Dibenz nd - -
Benzo nd - -
Indeno nd - -

Pub1 Sample A Conditions

Date: 12/6/98 (Saturday)
Air sampler flow rate: 1.91./min.
Sampling period: 8 hours (16:30 — 00:30)

Total volume air sampled: 912 litres/0.912m®

Particle size sampled: 4.5pm.

Analysis: HPLC 1 conditions.
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Pub 1 Sample B

Compound
Sample resp. Conc. Conc.
(arb. units) (ppb.) (ng./m?)

F nd - -

Phen nd - -
Anth 21313 14.00 10.23

Fi nd - -
Py 7312 40.51 29.61
B(a)Anth 35346 16.77 12.26
Chrys 4557 10.66 7.79
B(b)FI 4107 11.85 8.66
B{k)FI 208378 60.68 44,36
B(a)Py 45938 53.10 38.81

Dibenz nd - -

Benzo nd - -

Indeno nd - -

Pub 1 Sample B conditions

Date: 19/6/98 (Saturday)

Air sampler flow rate:  1.91./min.

Sampling period: 12 hours (12:30 — 00:30)
Total volume air sampled: 1368 litres./1.368m®
Particle size sampled: 10.0pm.

Analysis: HPLC 1 conditions
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Pub 1 Sample C

Compound
Sample resp. Conc. Conc.
(arb. units) (ppb.) (ng./m?)
F nd - -
Phen nd - -
Anth nd - -
FI nd - -
Py 3555 19.69 21.59
B(a)Anth 20084 9.53 10.45
Chrys 14458 33.83 37.09
B(b)FI 29204 84.23 92.36
B(k)FI 173267 50.46 55.33
B(a)Py 7009 8.10 8.88
Dibenz nd - -
Benzo nd - -
Indeno nd - -

Pub{ Sample C conditions

Date: 13/6/98 (Sunday)
Air sampler flow rate:  1.91./min.
Sampling period: 8 hours (16:30 - 00:30)

Total volume air sampled: 912 litres./0.912m

Particle size sampled: 4.5um.

Analysis: HPLC 1 conditions.

3
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Pub1 Sample D

Compound
Sample resp. Conc. Conc.
(arb. units) {ppb.) (ng.fm?)
F nd -

Phen nd - -

Anth nd - -

Fl nd - -
Py 4039 22.37 16.35
B{a)Anth 19783 9.39 6.86
Chrys 8548 20.00 14.62
B(b)FI 33739 97.31 71.13
B(k)FI 205055 59.72 43.65
B(a)Py 8083 9.34 6.83

Dibenz nd - -

Benzo nd - -

Indeno nd - -

Pub 1 Sample D Conditions

Date: 20/6/98 (Sunday)

Air sampler flow rate: 1.91./min.

Sampling period:

Total volume air sampled:

Particle size sampled: 10.0um.

Analysis; HPLC 1 conditions.

12 hours (12:30 — 00:30)
1368 litres./1.368m?
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Pub 2 Sample A

Compound
Sample resp. Conc. Conc.
(arb. units) (ppb.) (ng./m?)
F nd - -
Phen nd - -
Anth nd - -
FI 5381 21.61 23.69
Py 7803 43.22 47.40
B{a)Anth 4395 2.08 2.29
Chrys nd - -
B(b)FI 4103 11.83 12.97
B(k)FI 33786 9.84 10.79
B(a)Py 2799 3.23 3.55
Dibenz nd - -
Benzo nd - -
Indeno nd - -

Pub 2 Sample A Conditions

Date: 11/7/98 (Saturday)
Air sampler flow rate: 1.91./min.
Sampling period: 8 hours (16:30 — 00:30)

Total volume air sampled: 912 litres./0.912m

Particle size sampled: 4.5um.

Analysis: HPLC 1 conditions.

3
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Pub 2 Sample B

Compound
Sample resp. Conc. Conc.
(arb. units) (ppb.) (ng./m?)
F nd - -
Phen nd - -
Anth nd - -
Fl 3733 14.99 10.95
Py 6082 33.69 24.63
B(a)Anth 4857 2.30 1.68
Chrys nd - -
B(b)FI 3980 11.48 8.39
B(k)FI 43303 12.61 9.22
B{a)Py 2537 2.93 2.14
Dibenz nd - -
Benzo nd - -
Indeno nd - -

Pub 2 Sample B conditions

Date: 18/7/98 (Saturday)

Air sampler flow rate: 1.91./min.

Sampling period: 12 hours (12:30 — 00:30)
Total volume air sampled: 1368 litres./1.368m®

Particle size sampled: 10.0pm.
Analysis: HPLC 1 conditions.
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Pub 2 Sample C

Compound
Sample resp. Conc. Conc.
(arb. units) (ppb.) (ng./m?)
F nd - -
Phen nd - -
Anth 60850 39.98 43.84
Fl nd - -
Py nd ; -
B{a)Anth 9228 4.38 4.80
Chrys 3401 7.96 8.72
B(b)FI 25230 7.28 7.98
B(k)FI 5632 1.64 1.79
B(a)Py nd - -
Dibenz nd - -
Benzo nd - .
Indeno nd - -

Pub 2 Sample C conditions

Date: 12/6/98 (Sunday)

Air sampler flow rate: 1.91./min.
Sampling period: 8 hours (16:30 — 00:30)
Total volume air sampled: 912 litres..0.912m*

Particle size sampled: 4.5pm.

Analysis: HPLC 1 conditions.
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Pub2 Sample D*

Compound
Sample resp. Conc. Conc.
(arb. units) (ppb.) (ng./m?)
F nd - -
Phen nd - -
Anth nd - -
F nd - -
Py 6833 37.86 27.67
B(a)Anth 108374 51.42 37.58
Chrys 4907 11.48 8.39
B{b)FI 13392 38.62 28.23
B(k)FI 75121 136.77 99.98
B(a)Py 92974 107.47 78.56
Dibenz nd - -
Benzo nd - -
Indeno nd - -

*This sample was taken with the extractor fan system in operation.

Pub 2 Sample D conditions

Date: 19/7/98 (Sunday)

Air sampler flow rate: 1.91./min.

Sampling period: 12 hours (12:30 — 00:30)
Total volume air sampled: 1368 litres./1.368m>

Particle size sampled: 10.0pum.
Analysis: HPLC 1 conditions.
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4.10 Analysis of Indoor Air Results.

From the data in tables 4.1 and 4.2 it can be seen that certain PAH, as expected
are detected in locations of high tobacco smoke. The results from Pub 1 indicate
carcinogenic PAH were detected. Pub 1 samples A and B were taken on two
Saturday nights, perhaps one of the busiest nights in the vintners trade. Sample A
represents the 4.5um particle fraction (respirable dust getting into the inner
recesses of the lungs), over an 8-hour period at 1.9 I/min. The reason 8 hours was
chosen as a sampling period is its representation as an average working day of
many bar staff, and bar staff are exposed for the duration of their shift. All these
compounds are constituents of “environmental tobacco smoke”, which also has
been classified by the EPA as a known human carcinogen. Sample B was
sampled over a 12-hour period and represents the 10um (dust fraction that travels
relatively far into the lungs) particle size. Pub 1 Samples C and D were taken on
two Sundays, another busy and crowded day in a public house. Sample C
represents the 4.5um particle size for 8 hours at 1.9I/min. Sample D represents

the 10um particle size for 12-hours at 1.9 I/min.

Pub 2 Samples A and B were sampled on two Saturdays. Sample A represents
the 4.5um particle size for 8 hours and sample B represents the 10um particle size
for 12-hours both at 1.9 I/min. The results from these samples were similar in the
concentrations of the compounds detected. In both samples A and B, fluoranthene
was detected which was not detected in any of the Pub 1 samples.

Pub 2 Sample C represents the 4.5um particle size for 8 hours at 1.9 ifmin on a
Sunday. Pub 2 Sample D represents 10pm particle size for 12 hours at 1.9 I/min.
The concentrations of the PAH detected here were among the highest of all the
samples taken in both public houses. The concentration of benzo(a)pyrene was
78.56ng/m? the highest of all the samples taken. Benzo(k)fluoranthene was
quantified at 99.98ng/m’, benzo(a)anthracene was 37.58ng/m®. This sample was
taken in the same position as the others in pub 2 but there was an extractor fan

system in operation. The extractor system was in place above the bar. The air
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sampler was positioned at the bar also. The extractor system functioned by

drawing the air towards it, hence the air sampler was right in the path of this air.

The ratio of benzo(a)pyrene to benzo(a)anthracene in pub 2 sample D was 1:2.09.
This ratio found in the sample is a reasonably good match to the findings of the
National Cancer Institute (table 4.3). This sample is perhaps not very
representative of the air in a pub as it was sampled in a concentrated stream of
indoor (pub) air. However the bar staff are directly in the path of this air stream, so
while this sample is not representative of exposures of the patrons of a pub itis to
the bar staff.

4,11 Results of Ambjent Air Samples.

The mutagenic activity of PAH on living tissue has been well documented, but
research has suggested that nitrated and oxygenated derivatives of PAH may
exhibit equal or greater mutagenic activity than PAH themselves (20, 21},
Oxidation of PAH can oceur during the combustion process or while resident in the
atmosphere. Due to the rapid increase in the number of vehicles in use, especially
in urban areas, engine emissions have become suspected culprits for some of the
health effects observed in urban populations (22). Both petrol and diesel fuelled
vehicles produce PAH and nitro-PAH (23). Diesel exhaust gases tend to contain
higher concentrations of carcinogenic nitro-PAH and low toxicity 2,3 and 4 ring
PAH (24). Petrol engine exhaust gases tend to produce higher concentrations of
the 5 and 6 ring PAH (benzo(a)pyrene, benzo(ghi)perylene, indeno(123)pyrene,
dibenz (ah)anthracene) which are more carcinogenic than the 2 and 3 ring PAH
(25).

The criteria for the selection of the three sites for PAH monitoring in particulate
matter was the fact that traffic is the main contributor to particulate matter in the air,
(see chapter 1, section1.2) and petrol/diesel fuelled vehicles are sources of PAH

(see chapter 1, section 1.1). The ambient samples were taken at three different
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locations in Dublin namely, Newlands Cross in Tallaght, Lower Rathmines Road
and Cedarwood Road in Glasnevin. Newlands Cross is one of the most heavily
trafficked junctions in Dublin City. Both commercial and commuter vehicles use
the route in heavy volumes, inferring both petrol and diesel vehicles. Peak times
(rush hours) have especially heavy traffic volumes. The samples taken at
Newlands Cross were at 24, 12 and 8-hour {(continuous) sampling durations all at a
flow rate of 1.9l/min. The particulate matter with 10pm and 4.5um diameters were
sampled. The air sampler was about 2m. from the ground. The Lower Rathmines
Road is approximately 2 miles from Dublin city centre, and is one of the main
arteries into the city from the southside, the traffic volume here is heavy at peak
times but not in the same volume as Newlands Cross. Both commercial and
commuter vehicles use the route with frequency. The Lower Rathmines Road
samples were at 7 hour sampling durations at a flow rate of 10.0//min. The
particulate matter with 10um and 4.5um diameters were sampled. The air sampler
was about 4m from the ground. Cedarwood Road is a suburban site and can be
used as a background site as it is remote from main traffic routes, relatively
isolated from domestic and point sources of air poliution and within the city
boundaries. The Cedarwood Road samples were taken with the same parameters

as the Lower Rathmines Road samples.

After sampling the filter is conditioned in accordance with the protocol outlined in
section 4.7, and the sample is prepared with the prescribed and validated method
for analysis by the HPLC. The area responses of the individual PAH identified (on
the basis of retention times), are quantified by the use of 10ppb response factors.
As with the pub samples dibenz(ah)anthracene and benzo(ghi)perylene were
quantified with 100ppb response factors on the specified column (see experimental

section 2.2 for conditions). The chromatograms are shown in Appendix C.
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Ambient Sample 1

Compound
Sample resp. Conc. Conc.
(arb. units) {ppb.) (ng./m?)
F 96019 335.78 122.25
Phen nd - -
Anth 24723 9.84 3.59
Fl 8751 27.30 9.98
Py 19768 70.87 25.91
B(a)Anth 23658 49.44 18.07
Chrys 13655 1.81 0.66
B(b)FI 66206 105.64 38.61
B(k)FI 176639 70.36 25.72
B(a)Py 108727 84.45 30.87
Dibenz 24225 3.72 1.35
Benzo nd - -
Indeno nd - -
Total 277.34ng/m?

Ambient Sample 1 Conditions

Location: Newlands Cross, Tallaght

Date: 13 and 14/3/98 (Friday/Saturday)

Air sampler flow rate:  1.91./min. Sampling period: 24 hours (15:00 — 15:00)
Total volume air sampled: 2736litres/2.736m?* Height of sampler from ground: ~2m.
Particle size sampled: 10 um.

Analysis: HPLC 2 conditions.
Weather Conditions; Wind strength: 18.3 knots

Precipitation: Trace
Air temp. 2.1°C.

Wind direction: South-east
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Ambient Sample 2

Compound
Sample resp. Conc. Conc.
(arb. units) {ppb.) (ng./m?)
F 1296 4.53 3.30
Phen 6367 62.29 45.54
Anth 19318 7.69 5.62
Fl 12523 39.07 28.56
Py 37341 133.88 97.94
B(a)Anth 18174 37.98 27.76
Chrys 86439 11.43 8.36
B(b)FI 39968 63.76 46.62
B(k)FI 179448 71.48 52.24
B(a)Py 179448 139.38 101.88
Dibenz 33399 513 3.75
Benzo 43292 7.09 5.18
Indeno 1744 16.06 11.74
Total 438.49ng/m®

Ambient Sample 2 Conditions
Location: Newlands Cross, Tallaght.

Air sampler flow rate:
Total volume air sampled:

Particle size sampled:

1.91./min
1368 litres/1.368m° Height of sampler from ground: ~2m.

10pm.

Analysis: HPLC 2 conditions.

Weather Conditions:

Date: 20/3/98 (Friday)
Sampling period: 12 hours (07:00 — 19:00)

Wind Speed:14.9 knots
Wind direction: North-east
Precipifation: Rainfall-trace;
Air temp. 3.3°C.
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Ambient Sample 3

Compound
Sample resp. Conc. Conc.
(arb. units) (ppb.) (ng./m®)
F nd - -
Phen 1514 14.81 10.83
Anth nd - -
FI 10417 32.50 23.75
Py 34526 123.79 90.49
B(a)Anth 10060 16.05 11.73
Chrys Nd - -
B(b)FI 19065 30.42 22.24
B(k)FI 194891 77.62 56.74
B(a)Py 89005 69.13 50.53
Dibenz 37008 5.68 4.15
Benzo 23365 3.82 2.79
Indeno nd - -
Total 273.25ng/m®

Ambient Sample 3 Conditions

Location : Newlands Cross, Tallaght.

Date: 21/3/98 (Saturday)

Air sampler flow rate: 1.91./min. Sampling period:

Total volume air sampled: 1368 litres/1.368m*

Particle size sampled: 4.5 pm.

Analysis: HPLC 2 conditions.

Weather Conditions: Wind speed: 11.6 knots
Wind direction: North-east
Precipitation: 0.2mm
Air temp. 4.8°C.
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Ambient Sample 4

Compound
Sample resp. Conc. Conc.
(arb. units) (ppb.) (ng./m?)
F nd - -
Phen nd - -
Anth 3870 2.54 2.79
Fl nd - -
Py 9752 54.03 59.24
B(a)Anth 13864 6.58 7.21
Chrys 2797 6.54 7.18
B(b)F! 2633 7.59 8.33
B(k)FI 33052 9.63 10.85
B(a)Py 14777 17.08 18.73
Dibenz nd - -
Benzo nd - -
Indeno nd - -
Total 114.03ng/m?

Ambient Sample 4 Conditions

Location: Newlands Cross, Tallaght.

Air sampler flow rate: 1.91./min.

Date: 22/3/98 (Sunday)
Sampling period: 8 hours {11:00-19:00)

Total volume air sampled: 912 litres/0.912m*  Height of sampler from ground: ~2m.

Particle size sampled: 4.5 pm.

Analysis: HPLC 1 conditions.
Weather Conditions: Wind speed: 7.3 knots

Wind direction: Variable
Precipitation: 0.1mm
Air temp: 5.8°C.
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Ambient Sample 5

Compound
Sample resp. Conc. Conc.
(arb. units) (ppb.) (ng./m?)
F 136163 313.59 74.66
Phen 492468 328.95 78.32
Anth 60028 39.44 9.39
Fl nd - -
Py 2748 15.22 3.63
B(a)Anth nd - -
Chrys nd - -
B(b)F! nd - -
B(k)FI nd - -
B(a)Py nd - -
Dibenz nd - -
Benzo nd - -
Indeno nd - -
Total 166ng/m®

Ambient Sample 5 Conditions

Location: Lower Rathmines Road Date: 17/9/98 (Thursday)
Air sampler flow rate:  10.01./min. Sampling period: 7 hours {13:00-20:00)
Total volume air sampled:  4200litres/4.2m? Height of sampler from ground: ~4m

Particle size sampled: 10 pm.

Analysis: HPLC 1 conditions.

Weather Conditions: Wind speed: 8.5 knots
Wind direction: Variable
Precipitation: Trace
Air temp 14.3°C.
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Ambient Sample 6

Compound
Sample resp. Conc. Conc.
(arb. units) {(pph.) (ng./m*)
F 76428 51.05 12.15
Phen 114178 76.27 18.16
Anth 49904 32.79 7.81
Fl nd - -
Py nd - -
B(a)Anth nd - -
Chrys nd - -
B{b)FI nd - -
B(k)FI nd - -
B(a)Py nd - -
Dibenz nd - -
Benzo nd - -
Indeno nd - -
Total 38.12ng/m?

Ambient Sample 6 Conditions

Location: Lower Rathmines Road Date: 18/9/98 (Friday)
Air sampler flow rate:  10.0L/min. Sampling pericd: 7 hours (13:00-20:00)
Total volume air sampled: 4200 litres/4.2m? Height of sampler from ground: ~4m,

Particle size sampled: 4.5 pm.

Analysis: HPLC 1 conditions.

Weather Conditions:  Wind speed: 13.8 knots
Wind direction: Variable
Precipitation: Trace
Air temp: 13.6°C
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Ambient Sample 7

Compound
Sample resp. Conc. Conc.
{arb. units) {(ppb.) (ng./m?)
F 98159 226.07 53.82
Phen 121696 81.29 19.35
Anth 69712 45.79 10.91
Fi nd - -
Py nd - -
B(a)Anth nd - -
Chrys nd - -
B(b)FI nd - -
B(Kk)FI nd - -
B(a)Py nd - -
Dibenz nd - -
Benzo nd - -
Indeno nd - -
Total 84.08ng/m?

Ambient Sample 7 Conditions

Location: Glasnevin {Control sample) Date: 21/9/98 (Monday)
Air sampler flow rate:  10.0l./min. Sampling period: 7 hours (13:00-20:00)
Total volume air sampled: 4200 litres/4.2m* Height of sampler from ground: ~4m

Particle size sampled: 4.5 um.

Analysis: HPLC 1 conditions.

Weather Conditions:  Wind speed: 14.3 knots
Wind direction: East-north-east
Precipitation: Trace
Air temp: 11.1°C.
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Ambient Sample 8

Compound
Sample resp. Conc. Conc.
(arb. units) {ppb.) (ng./m?)
F 167751 386.34 91.98
Phen 108772 72.65 17.29
Anth 51436 33.79 8.04
Fi nd - -
Py nd - -
B(a)Anth nd - -
Chrys nd - -
B(b)FI nd - -
B(K)FI nd - -
B{a)Py nd - -
Dibenz nd - -
Benzo nd - -
Indeno nd - -
Total 117.31ng/m*

Ambient Sample 8 Conditions

Location; Glasnevin (Control Sample)

Air sampler flow rate:

10.01./min.

Total volume air sampled: 4200 litres/4.2m*

Particle size sampled:

10pm.

Analysis: HPLC 1 conditions.

Weather Conditions:

Wind speed: 9.8 knots
Wind direction: Variable
Precipitation: Trace

Air temp:10.6°C.
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4.12 Analysis of Ambient Results.

Ambient sample 1 was sampled for 24 hours at Newlands Cross. The 24-hour
sampling duration was used initially to see if any PAH would be detected, i.e. a
“dirty” sample. The inhalable dust fraction 10um was sampled at a rate of 1.9l/min.
Both the 2-3 ringed PAH and the 4-6 ringed PAH were detected. This would be
indicative of both petrol and diesel engine emissions (25). Ambient samples 2 and
3 were sampled for 12-hour durations at a rate of 1.91/min. Both these samples
were taken between the hours of 07:00-19:00. This period includes the morning
and evening “rush hours”, where the traffic volume is quite dense. Ambient sample
2 sampled the inhalable dust 10um fraction. Relatively high concentrations of PAH
were detected in this sample. A worrying result in this sample was the
concentration of benzo(a)pyrene detected, 101.88ng/m?, but perhaps this is a once
off level and not a typical representation of the levels usually found, if any.
Ambient sample 3 sampled the respirable dust 4.5um fraction. The concentration
of benzo(a)pyrene was found to be 50.53ng/m>, half the concentration of that
detected in sample 2. Ambient sample 2 was taken on a Friday, a busy working
day and a day when a lot of people leave Dublin for the weekend, Newlands Cross
being one of the routes out of the Dublin. Whereas sample 3 was taken on a
Saturday, which would not be as commercially busy a day as Friday. Both
samples 2 and 3 have profiles of the 2-3 and 4-6 ringed PAH, i.e. petrol and diesel
engine emissions. The 2-3 ringed PAH are predominantly produced from diesel-
fuelled bus, taxi, van and car usage. The 4-6 ringed PAH are produced from petrol

fuelled vehicles, which forms the majority of rush hour traffic.

Ambient sample 4 was taken at Newlands Cross for an 8-hour duration at a rate of
1.9l/min. The respirable dust 4.5um fraction was sampled. The 4-6 ringed PAH
were mainly detected in this sample. Benzo(a)pyrene was also detected. This 4-6
ringed PAH profile is typical of petrol fuelled vehicles, which are mainly commuter

vehicles.
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Ambient samples 5 and 6 were taken at the Lower Rathmines Road. The sampling
rate was 10.0/min for these samples, both for 7-hour durations. Sample 5
sampled the 10um particle size and sample 6 sampled the 4.5um particle size.
Both these samples have a 2-3 ringed PAH profile; fluorene, phenanthrene and
anthracene. This profile being typical of diesel fuelled vehicles. The Lower
Rathmines Road is frequented by a lot of commercial delivery trucks/vans/buses,

and would account for the diesel PAH profiles.

The ambient samples 7 and 8 were taken in a residential area, both for 7 hours at
10.0l/min. These samples also showed a 2-3 ringed PAH profile; fluorene,
phenanthrene and anthracene. Sample 7 sampled the 10um fraction and sample 8
sampled the 4.5um fraction. Both samples showed similar concentration profiles.
This PAH profile could be characteristic of a domestic heating, a stationary diesel
source( discussed in chapter 1, section 1.1.2), as this is a quite area with a small

traffic volume flow.

As already mentioned in chapter 1, section 1.6.5 a baseline study on the
concentration of PM,, and volatile organic compounds in Dublin city was carried
out by TMS Environmental Ltd/Dublin Corporation Environmental Health Officers
Services for the EPA. The results of some of the samples for PAH are given in the

next section.
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4.13 PAH Results in the Baseline Study.

PTFE filters were used as filter media in this study in order to facilitate organic
compositional analysis of PM,, particulates (26). The filters were collected after
exposure for a 24-hour interval, with typical air volumes of 24-25 m? per day (26).
The analytical procedures used for the PAH determination in this study were
adapted from USEPA Method TO-19: Determination of PAH in Ambient Air Using
High-Volume Sampling with GCMS or HPLC Analysis (27). The method involves
shredding the filters and extracting them in pesticide grade dichloromethane for
periods of 24-72 hours in a Soxhlet apparatus. The solvent is then concentrated in
a Kuderna Danish concentrator to ca. 1ml. final volume. The samples are cleaned
up prior to analysis using conventional clean-up procedures and analysed using
GCMS. The quantitative analysis results of PAH concentrations are shown in table
4.5,

The samples from batch numbers B1, B2, B3 and B4-B5 were taken at College
Street, with air volumes of 487.027 m®, 516.162 m®, 522.941 m® and 539.395 m*
respectively (26). These samples show the highest concentrations of PAH in the
study. The samples from batches B8, B9-11 were taken at Rathmines Road, with
air volumes 476.051 m® and 2022.572 m® respectively. The samples from batches
B14, B15-18 were taken at the Phoenix Park with air volumes 483.924 m?* and
2145.100 m® respectively (26). One should note that each filter analysed was cut
in half, weighed; half of each of the filters was extracted for organic compositional

analysis and half was retained for inorganic analysis.
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4.14 Results of Baseline Study Samples when Applied to the Method

Developed in this Research,

Some of the filters from this study were kept in storage for reference or further
analysis purposes. The Air Pollution and Noise Unit of the Dublin Corporation were
kind enough to give some of these samples to this research for the purposes of
PAH analysis and quantification using the method developed in this research. The
results of the PAH quantification and details of the sampling conditions are given in

this section. The chromatograms are shown in Appendix D.
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Baseline sample 1

Compound
Sample resp. Conc. Conc.
(arb. units) {ppb.) (ng./m?)
F 8127 18.72 0.77
Phen 21058 14.06 0.58
Anth 111611 73.32 3.00
FI - - -
Py 9092 50.37 2.06
B(a)Anth - - -
Chrys 11221 26.25 1.07
B(b)FI 8607 24.82 1.0.2
B(k)FI 32194 9.38 0.38
B(a)Py 9467 10.94 0.45
Dibenz - - -
Benzo - - -
Indeno - - -
Total 9.33ng/m®

Baseline Sample 1 Conditions

Location: Merchants Quay. Date: 8/4/97

Total volume air sampled: 24.434 m® Sampling duration: 10.5 hours.
Distance of sampler from roadway: ~5m. Particle size sampled: 10pm.
PM,, Concentration: 77ug/m® Analysis: HPLC 1 conditions.
Weather Conditions:  Wind speed: 8.2 knots

Wind direction: Variable
Precipitation: 2.26mm
Air temp: 10.1°C.
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Baseline sample 2

Compound
Sample resp. Conc. Conc.
(arb. units) (ppb.) (ng./m®)

F 67017 154.34 6.37
Phen 53161 35.50 1.46
Anth 336945 221.36 9.13
Fl 11327 45.49 1.88
Py 27355 151.55 6.25
B(a)Anth 40201 19.07 0.78
Chrys 23805 55.69 2.29
B(b)FI 22115 36.78 2.63
B(k)FI 64233 18.71 0.77
B(a)Py 26913 31.10 1.28

Dibenz - - -

Benzo - - -
Indeno 4802 48.70 2.01

Total 34.85ng/m

Baseline Sample 2 Conditions

Location: Merchants Quay Date: :28/4/97

Total volume air sampled:  24.229 m® Sampling duration: 10.5 hours.
Distance of sampler from roadway, ~5m. Particle size sampled: 10pm.
PM,, Concentration:  22pg/m® Analysis: HPLC 1 conditions.

Weather Conditions:  Wind speed: 10.6 knots
Wind direction: Variable
Precipitation: 5.6mm
Air temp: 7.3°C.
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Baseline sample 3

Compound
Sample resp. Conc. Conc.
(arb. units) (ppb.) (ng./m?)
F 24484 56.39 2.28
Phen 77844 51.99 2.10
Anth 163431 107.37 4.34
FI - - -
Py 21051 116.62 4.72
B(a)Anth 15179 7.20 0.29
Chrys 15349 35.91 1.45
B(b)FI 12685 36.29 1.46
B(k)F! 41201 11.99 0.48
B({a)Py 18868 21.81 0.88
Dibenz - - -
Benzo - - -
Indeno - - -
Total 18.00ng/m?

Baseline Sample 3 Conditions
Location: Merchants Quay.

Total volume air sampled: 24710 m®

Distance of sampler from roadway: ~5m

PM,,Concentration: 76ugfm®

Weather Conditions:  Wind speed: 6.8 knots
Wind direction: Variable
Precipitation: 3.9mm
Air temp: 6.4°C.
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Date: 30/4/97
Sampling duration: 10.5 hours.
Particle size sampled: 10pm.

Analysis; HPLC 1 conditions.



Baseline sample 4

Compound
Sample resp. Conc. Conc.
(arb. units) {ppb.) (ng./m?)
F - - -
Phen - - -
Anth - - -
Fl - - -
Py 30707 170.12 6.89
B(a)Anth 4364 2.07 0.08
Chrys 11096 25.96 1.05
B(b}FI 4414 12.73 0.52
B(k)FI 14922 4.34 0.17
B(a)Py 3665 4.23 0.18
Dibenz - - -
Benzo - - -
Indeno - - -
Total 8.86ng/m*

Baseline Sample 4 Conditions

Location: Merchants Quay. Date: 1/5/97

Total volume air sampled: 24.687 m® Sampling duration 10.5 hours
Distance of sampler from roadway: ~5m Particle size sampled: 10um.
PM,, Concentration: 41ug/m? Analysis: HPLC 1 conditions.

Weather Conditions:  Wind speed: 4.6 knots
Wind direction: Variable
Precipitation: 14.8mm
Air temp. 6.7°C.
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4.14.1 Analysis of the Baseline Sample Results when Applied to the Method
Developed in this Research.

All the baseline samples analysed using the method developed in this research
were taken at the Merchants Quay site. The measurement period was extended
for the Merchants Quay site in the Baseline Study in order to obtain a
representative coverage of the site. The extended period measurements are
reported for the period October 96 to April '97 (26). This site only came on stream
during October '96, so all the measurements relate to wintertime, it is expected that

this average may decrease when summer data is included (26).

Baseline samples 1, 2 and 3 quantify both the 2-3 ringed and 4-6 ringed PAH,
which arise from diesel and petrol fuelled vehicles (25). The levels of individual
PAH quantified using the validated method are relatively low in comparison with
some of the ambient sample results. Baseline sample 1 shows diesel and petrol
PAH profiles, astone would expect from this busy roadway site. The PM,,
concentration measured on the 8/4/97 was 77ug/m?® (over a 10.5-hour period), the
PM,, 24-hour standard is 150pg/m? (particulate pollution standards already

discussed in chapter 1, section 1.6).

The baseline study represents the first compositional analysis of PM,, in Ireland
and one of the few studies internationally on organic composition of PM,, (26).
The results were encouraging and the project will form a sound basis for extending
the scope of work to a more comprehensive study of organic composition of PM,,
and associated PAH levels. With a more compiehensive series of results and
improved detection limits, conclusions may also be drawn about the main source
contributors to PM,, in Dublin City. The PAH concentrations of the baseline
samples {26) are lower than the PAH concentrations in the ambient environmental
samples taken in this work. This may be accounted for in the different sampling
techniques used in the baseline study and in this work. The baseline study's PM,

monitoring equipment was a Partisol Model 2000 Air Sampler. The Partisol
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sampler is a USEPA reference method for the measurement of PM,, mass
concentrations (26). The sampler is a low flow gravimetric PM,, sampler, which
can be operated as a stand-alone unit or combined with three additional satellite
PM,, sampling heads and filter units. Air is drawn in through the PMy, inlet at a
flow rate of 16.7I/per hour. The particles were collected using a 47mm diameter
glass fibre filters. The air sampler used in this work was SKC Cyclone units (PM,
or PM, ;) attached via plastic tubing to an SKC Pump (no. 244-43XE) which has a
built in flow-meter (set at flow rate of 1.9//min}). The paiticles were collected using
25mm diameter glass fibre filters. The sampling height and distance from the
source could be factors in the different levels found. Other factors such as the
meteorological conditions may account for the higher levels of PAR concentrations
found in this work. The samples in this work were taken with trace precipitation,
where as the baseline air samples all have precipitation recorded during the

sampling period.

The levels of PAH found in the baseline samples analysed using the method
developed in this research were in keeping with the levels shown in table 4.5. The
PAH levels in table 4.5 were sampled between Jan'96 and Jan’97, where as the
samples analysed in this research were taken after this period, even so, levels are

quite similar.

Most of the PAH detected in the baseline samples and analysed in this research
were also found in the Baseline Study, giving more creditibility to the method

developed in this research.
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4.15 Comparison of Types and Levels of PAH found in Indoor and Ambient
and Baseline Samples.

The types of PAH detected in pub 1 and 2 samples were mainly the 4-6 ringed,
which as already mentioned are the more potent carcinogens of the USEPA 16
priority poliutants. Anthracene, fluoranthene and pyrene were the only 2-3 ringed
PAH found in the pub samples. The types and levels of particulate bound PAH
detected in both pubs samples were similar, this infers that there is no real
difference in PAH profiles in both the bar and lounge areas of a pub. Table 4.6

represents a typical PAH profile in PM,, and PM, 5 fractions established in this

research.
Pub 1 Sample C Pub 2 Sample
PAH PM, ; Fraction PM,, Fraction
(ng/m®) (ng/m?)
FI. - 10.95
Py. 21.59 24.63
B(a)Anth. 10.45 1.68
Chrys. 37.09 8.39
B(b)FI. 92.36 9.22
B(K)FI. 55.33 2.14
B(a)Py. 8.88 -

Table 4.6 A Typical Profile of Particulate Bound (PM,, and PM, 5) found in

Tobacco Smoke.

The concentration levels of the 4-6 ringed PAH are a lot higher in the PM, 5 size

fraction than in the PM,, size fraction, indicating they have a susceptibility for the
respirable dust fraction. This highlights the occupational hazard of bar staff, and
shows that they are a high risk category for potentially fatal illnesses or diseases

related to tobacco smoke constituents.
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Table 4.7 shows a typical particulate bound PAH profile for ambient air samples at

a traffic congested roadway (Newlands Cross). Diesel and Petrol vehicle

emissions are the main contribution sources to the 2-3 and 4-6 ringed PAH levels

detected.
Ambient Sample 3 Ambient Sample 1
PAH PM, 5 Fraction PM,, Fraction
(ng/m3) (ng/im?)
F. - 122.25
Phen. 10.83 -
Anth. - 2.59
Fl. 23.75 9.98
Py. 90.49 25.91
B(a)Anth. 11.73 18.07
Chrys. - 0.66
B(b)FI. 22.24 38.61
B(k)F!. 56.74 25,72
B(a)Py. 50.53 30.87
Dibenz. 415 1.35
Benzo. 2.79 -
Indeno. - -

Table 4.7 A Typical Profile of Particulate Bound (PM,, and PM, 5) found in
Ambient Air Samples at a Traffic Congested Roadway.

More of 2-3 ringed PAH compounds are more seen in the PM,, fraction than the
PM, ; fraction. The levels of the 4-6 ringed particulate bound PAH are higher in the

PM, ; fraction, as seen in the indoor samples. The relatively large concentration of

benzo(a)pyrene in the PM, 5 fraction in comparison to the PM,, fraction is alarming,

in that smaller respirable fraction penetrates and lodges into the alveoli of the lungs

(14).
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Table 4.8 shows a particulate bound PAH profile for the PM,, fraction of an
ambient air sample taken at a traffic congested roadway in the Baseline Study. As
with the ambient air sample taken in this research both 2-3 and 4-6 ringed PAH

compounds are seen.

Baseline Sample 2
PAH PM, s Fraction
(ng/m®)

F. 6.37
Phen. 1.46
Anth. 9.13

Fl. 1.88

Py. 6.25

B(a)Anth. 0.78
Chrys. 2.29
B(b)FI. 2.63
B(k)FI. 0.77
B(a)Py. -
Dibenz. -
Benzo. -
Indeno. 2.01

Table 4.8 A Typical Prcfile of Particulate Bound (PM,,) found in
Ambient Air Samples taken in the Baseline Study.

The levels of the PAH in the PM,, fraction in are lower than the ambient PAH levels
in the PM,, fraction profile shown in table 4.7, this is attributed to the different

sampling procedures employed in the Baseline Study and in this research.
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4.16 Analysis of Environmental Samples by GCMS.

One of the recommendations made in the Baseline Study was the possibility of
improving sensitivity towards the compounds of interest with analysis by HPLC with
fluorescence detection, as opposed to the GCMS analysis used (27). The
developed method in this work has shown that analysis by HPLC with fluorescence
detection is very sensitive and specific to PAH, with low limits of detection. Some
of the samples taken in this work were also analysed by GCMS for further
confirmatory identification of the individual PAH guantified by the HPLC with
fluorescence detection analysis (see chapter 2, section 2.7 for conditions). The

next section shows the results of the GCMS analysis.

GC is probably the most common technique used for the analysis of mixtures of
aromatic hydrocarbons present in environmental samples due to the high
separation efficiency and potential low detection limits associated with this method
(28). However, separation efficiency and sensitivity are strongly related to
optimum chromatographic conditions and one must determine the best conditions
for the analysis. Several factors should be considered when optimising
chromatographic parameters. Examples include solvent effects, injection
parameters (speed, liner size, sampie size, temperature), and column stationary
phase (28). Although packed liquid crystal columns offered the advantage of high
selectivity to PAH isomers, their use was severely limited due to their thermal
instability and narrow range of molecular mass separation capability. However,
these limitations have been overcome with the advent of capillary liquid crystal
columns. Ultimately, the use of packed column GC for the determination of PAH
generally became obsolete as highly efficient capillary columns with thermally
stable stationary phases became available. Capillary GC columns provide
excellent PAH separations with low background interference and long stability
times, both of which facilitate accurate quantitation of PAH. One of the most widely
used stationary phases in environmental analyses consists of a phenyl-

methyipolysiloxane polymer {~5% phenyl). Columns prepared with this phase
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exhibit high efficiency for PAH, furthering the accuracy of PAH quantification.
Capillary GC has traditionally been used for the determination of PAH containing
up to 24 carbon atoms. However, the development of stationary phases stable at
elevated temperatures (e.g., above 300°C) has facilitated the determination of

large PAH compounds (molecular mass >300) in environmental samples (28).

GCMS is often more accurate than GCFID for the quantification of PAH because
interferences from co-eluting compounds are minimised by the selective nature of
the detector. GCMS is frequently used to characterise PAH in environmental
samples. Prior to using GCMS for the measurement of PAH in environmental
samples, the samples are usually solvent exiracted, concentrated and cleaned-up
using solid phase extraction to remove potential interfering polar constituents. In
addition, calibration solutions are typically processed and analysed alongside the
samples to generate individual MS response factors relative to the internal
standards for quantification purposes (28). The library search facility on the GCMS
software package is a fast and efficient tool in determining the identification of the
resultant peaks on the gas chromatograph. The software gives a % probability of

an MS identity match from its MS library of compounds.

4.,16.1 Confirmatory Identification of PAH in the Environmental Sample.

An air sample was taken in Pub 1, (Pub 1 Sample E) and the particulate bound
PAH analysed with the method developed in this work. This sample was also
analysed by GCMS for the purpose of further unambiguous identification (see
Experimental, section 2.7 for conditions). The resulis of the confirmatory

identification are given in this section.
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Pub1 Sampie E

Compound
Sample resp. Cong. Cong.
(arb. units) {ppb.) (ng./m?)
F nd - -
Phen nd - -
Anth nd - -
Fi nd - -
Py 20099 111.35 122.09
B(a)Anth 6931 3.29 3.61
Chrys nd - -
B{b)FI 4884 14.09 15.45
B(k)FI 23234 6.77 7.42
B{a)Py 152974 17.87 19.59
Dibenz nd - -
Benzo nd - -
Indeno nd - -

Pub 1 Sample E.

Date: 20/6/98 (Saturday).
Sampling period: 8 hours (15:30 — 23:30).

Air sampler flow rate:  1.91./min.

Total volume air sampled: 912 litres./0.912m">.

Particle size sampled: 10.0um.

Analysis; HPLC 1 conditions.
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The sample was then analysed by GCMS. First a standard mixture of PAH was

run on the GCMS, the individual PAH and their retention times are given in table

4.9. The results of the air sample {(Pub 1 Sample E) are given in table 4.10.

See Appendix D for chromatograms.

PAH Analyte Molecular Mass Retention Time (mins)

F. 166 8.02
Anth. 178 9.53
Phen. 178 9.61
FI. 202 11.44
Py. 202 11.79
B(a)Anth. 228 13.73
Chrys. 228 13.79
B(b)FI. 252 15.82
B(k)FI. 252 15.88
B(a)Py. 252 16.62
Indeno. 276 20.34

Table 4.9. Standard Retention Times of PAH Mixture Run on GCMS
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PAH Analyte Retention Time (mins) % Probability Match by
MS Library Search

Anth. 9.53 58
Py. 11.79 87
B(a)Anth. 13.84 92
B(b)FI. 15.83 90
B(k)FI. 15.88 a0
B(a)Py. 16.62 96

Table 4.10. Results of Environmental Sample Run on GCMS.

From the GCMS results in table 4.10, one can see that the individual PAH
compounds identified by HPLC with fluorescence detection are also identified by
GCMS analysis. This shows the method developed in this research to be efficient

and accurate in the analysis of particulate bound PAH in environmental samples.
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4.17 Summation.

The indoor real samples showed a predominantly 4-6 ringed PAH profile for both
the PM,, and the PM, ; dust fractions, but higher levels of these particulate bound
PAH were found in the smaller, respirable fraction. This is cause for concern
among bar staff as these people are continuously exposed to such types and

levels of PAH as part of their working day.

The ambient real samples exhibited a 2-3 ringed as well as a 4-6 ringed particulate
bound PAH profile for the Newlands Cross air samples. The levels of PAH were
again higher in the PM, ; dust fraction than in the PM,, dust fraction. The
Rathmines and Glasnevin air samples showed only a 2-3 ringed PAH profile,
attributed to diesel fuelied vehicles and domestic heating. The PM,, dust fraction

showed slightly higher levels of these PAH than the PM, 5 fraction.

The Baseline Study samples analysed in this research showed both 2-3 and 4-6
ringed particulate bound PAH. Although the levels were lower than those found in
the actual Baseline Study Final Report (26), the types of PAH detected were the

same, giving creditibility to the method developed in this research.

The ambient types and levels of PAH detected in this research are profiles
expected in urban areas. A study carried out in an urban area of Berlin, Germany
also detected similar types and levels of particulate bound (inhalable fraction) PAH
{29).
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Conclusion.




A quick and efficient method for the analysis of the 16 PAH, listed by the USEPA
as “priority pollutants”, in both indoor and ambient air particulates has been

developed and partially validated.

The applicability of the method to "real” samples was seen in chapter 4, where it
was applied to both indoor {pubs) and ambient air samples. The indoor air
samples showed mainly a 4-6 ringed PAH profile, indicative of the more potent
carcinogens on the USEPA list. The source of the PAH were tobacco smoke. The
levels of these more potent 4-6 ringed particulate bound PAH quantified indicate
that continuous or frequent exposure to such chemicals could have adverse health
effects. While the patrons of the pub are at risk of illness related to inhalable
(PM,,) and respirable (PM, ;) PAH bound particulates, the people most at risk are
the bar staff. This was highlighted in the levels of PAH quantified in Pub 2 Sample
D, where the air sampler was in the path of the air been drawn towards the bar by

an extraction fan system.

The ambient samples, taken at 3 locations, showed both 2-3 and 4-6 ringed PAH
profiles. The first location, Newlands Cross in Tallaght, showed both the 2-3 and
4-6 ringed PAH profiles. These profiles could be attributed to the heavy traffic
volume utilising this route. The 2-3 ringed PAH profiles are representative of diesel
fuelled vehicles, whereas the 4-6 ringed PAH profiles are associated with petrol
fuelled vehicles. The Rathmines and Glasnevin sampling sites showed 2-3 ringed
PAH profiles. These profiles can be attributed to diesel fuelled vehicles as well as

combustion of domestic heating fuel.

The Baseline Study samples acquired form Dublin Corporation and applied to the

method developed in this research, quantified PAH levels at Merchants Quay,
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Dublin. The analysis of filters from the Baseline Study gave results in the same

range as those previously obtained by GCMS analysis.

One of the recommendations of this study was that a survey on PAH levels in
Dublin city should be carried out. The method developed in this research is a quick

and relatively inexpensive procedure for the detection of PAH in air particulates.
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